Since its introduction in 2001 by Yamamoto [1] , double balloon endoscopy (DBE) has revolutionized both diagnostic and therapeutic small bowel endoscopy [2] . This technique allows (intervention) endoscopy of the complete small bowel (often in two sessions) with the possibility of carrying out interventions; e.g. mucosal biopsy, argon plasma coagulation, snare polypectomy, injection therapy, tattooing, foreign body extraction and balloon dilatation. DBE plays an important role in the diagnosis and treatment of obscure gastrointestinal bleeding [3] [4] [5] [6] , Crohn's disease [7] [8] [9] [10] , celiac disease [11, 12] , polyposis syndromes [13] and small bowel tumors. In the series published to date, complications solely related to the diagnostic procedure are rare [14] [15] [16] [17] [18] . A recent retrospective multicenter survey indicates a complication rate of 0.8% in diagnostic procedures [16] . In that study, pancreatitis occurred in six of 2362 (0.3%) procedures and contributed to 46% of all complications after diagnostic DBE. Another recent study showed that an asymptomatic rise of serum amylase and lipase levels after antegrade DBE is frequently encountered [19] . Nevertheless, only a few patients develop the clinical picture of post-DBE pancreatitis. The reason for this remains unknown.
INTRODUCTION
Since its introduction in 2001 by Yamamoto [1] , double balloon endoscopy (DBE) has revolutionized both diagnostic and therapeutic small bowel endoscopy [2] . This technique allows (intervention) endoscopy of the complete small bowel (often in two sessions) with the possibility of carrying out interventions; e.g. mucosal biopsy, argon plasma coagulation, snare polypectomy, injection therapy, tattooing, foreign body extraction and balloon dilatation. DBE plays an important role in the diagnosis and treatment of obscure gastrointestinal bleeding [3] [4] [5] [6] , Crohn's disease [7] [8] [9] [10] , celiac disease [11, 12] , polyposis syndromes [13] and small bowel tumors. In the series published to date, complications solely related to the diagnostic procedure are rare [14] [15] [16] [17] [18] . A recent retrospective multicenter survey indicates a complication rate of 0.8% in diagnostic procedures [16] . In that study, pancreatitis occurred in six of 2362 (0.3%) procedures and contributed to 46% of all complications after diagnostic DBE. Another recent study showed that an asymptomatic rise of serum amylase and lipase levels after antegrade DBE is frequently encountered [19] . Nevertheless, only a few patients develop the clinical picture of post-DBE pancreatitis. The reason for this remains unknown.
This article presents an analysis of all DBE-related cases of pancreatitis identified prospectively from a recorded DBE-complication database of 603 procedures in a single center.
procedures were performed in an outpatient setting in the Department of Gastroenterology at the VU University Medical Center in Amsterdam, The Netherlands. In our procedures, we used the Fujinon EN-450P5-and the thicker Fujinon EN-450T5 endoscopes. Of the total number of procedures, 311 were performed in men (51.6%) and 292 in women (48.4%) with a mean and median age of 59 and 60 years respectively (range 12-94). Informed consent was obtained from all patients in accordance with the institutional review board guidelines. Data recorded in the complication database included age, gender, co-morbidity, surgical history, medication, indication for DBE, depth of insertion as described by May [20] , procedure duration, findings, interventions performed, post-procedural abdominal pain, and post-procedural hospitalization. The patients received a combination of midazolam and fentanyl intended for conscious sedation.
The complication database was reviewed. All patients with post-DBE pancreatitis were identified and their charts were reviewed for additional clinical information including severity of pancreatitis, length of hospitalization, peak serum CRP, peak serum amylase, peak serum lipase, abdominal imaging performed, surgery performed and mortality.
According to the literature on post-endoscopic retrograde cholangiopancreatography pancreatitis (ERCP; American Society of Gastrointestinal Endoscopy (ASGE) guidelines), post-DBE pancreatitis was defined as newly developed abdominal pain after a DBE-procedure, requiring at least 2 d of unplanned hospitalization, with a serum amylase ≥ 3 as the upper limit 24 h after the procedure [21] . According to these guidelines, the severity of the disease was classified as follows: mild pancreatitis requiring 2-3 d of hospitalization; moderate pancreatitis requiring 4-10 d of hospitalization; severe pancreatitis requiring 10 or more days of hospitalization, and/or the occurrence of pseudocysts and/or the need for surgery.
Statistical analysis
The different parameters were compared with t-tests. Results were considered significant if P values were < 0.05.
RESULTS
In a total of 603 DBE procedures, six patients (1%) developed post-DBE pancreatitis. Case summaries are presented in Table 1 . Fifty percent of the patients (n = 3) Jarbandhan SVA et al. Double balloon endoscopy associated pancreatitis 721 www.wjgnet.com was male. The mean age was 47.3 years (range 23-66). DBE was perfor med for the following indications: iron deficiency anemia (n = 3), Crohn's disease (n = 1), malabsorption (n = 1) and small bowel stenosis after bowel surgery (n = 1). The route of the procedure was oral in all 6 patients. In 67% (n = 4) the P-type endoscope (Fujinon EN-450P5) was used. The mean duration of the procedures was 108 min (80-148), the mean depth of insertion was 337 cm (250-420). In one patient, a polypectomy was performed.
All six patients developed clinical signs of pancreatitis within 6 h after the procedure. A scoring system to record the intensity of the pain in the patients was not maintained. The mean duration of admission was 11.2 d (2-22). The mean peak amylase and lipase levels were respectively 692 U/L (321-1395) and 1180 U/L (120-3660). Two patients developed moderately severe pancreatitis (case 1 and 6), and four had severe pancreatitis (case 2-5). In four patients, CT-scan was performed. Two of these patients showed inflammatory signs of the body-tail region of the pancreas with edema and fatty infiltration. One patient had pancreatitis in the tail of the pancreas and developed a pseudocyst during admission (case 3). In one patient, the whole pancreas was involved (Figures 1  and 2 ). Two patients had moderate clinical and laboratory signs of disease and could be discharged within a few days of admission. Therefore, CT imaging was not performed. One patient underwent laparotomy because postprocedural abdominal pain was suspected to be caused by perforation. However, during surgery, pancreatitis was diagnosed and no perforation was present. The other five patients were treated conservatively. There was no mortality in our series. Table 2 shows clinical and procedural characteristics of the patients that developed acute pancreatitis in comparison with the patients that did not develop pancreatitis. All patients who developed post-DBE pancreatitis had undergone antegrade DBE. Depth of insertion was higher in the patients developing pancreatitis than in those who did not, although this difference did not reach statistical significance.
DISCUSSION
In our series, post-DBE pancreatitis developed after six of 603 procedures (1%). This rate is higher than previously reported in the literature. A study by Heine et al, in which our center participated, identified 3 cases of post-DBE pancreatitis in a total of 275 procedures [22] . Two of those patients are also described in the present study. In a prospective multicenter study by Ell and colleagues, 100 patients were included and no pancreatitis occurred [23] . In a retrospective analysis of 378 DBE procedures by Zhong et al 2 patients suffered an unspecified rise of serum amylase in conjunction with abdominal pain, which resolved after conservative measures [24] . Whether these patients required hospitalization is not stated. The multicenter questionnaire survey by Mensink et al identified 6 cases of pancreatitis in 1728 diagnostic procedures (0.3%) and 1 case of pancreatitis after DBE-assisted ERCP in a patient with a Roux-en-Y reconstruction [16] . Several possibilities should be considered when trying to explain the difference between post-DBE pancreatitis rates in the present study and the previously published studies. First of all, the method of insertion and withdrawal might be a factor in the origin of post-DBE pancreatitis. However, we are not aware of any differences in technique between our center and other centers, while there is close contact and exchange of knowledge with many DBE-performing centers inside and outside The Netherlands. The fact that trained fellows under close supervision regularly perform DBE in our center, and that pancreatitis could be a consequence of relatively inexperienced endoscopists, is also an unlikely explanation since this would most certainly have been reflected in total procedure time, which was almost the same in patients developing pancreatitis and those who did not. Additionally, post-DBE pancreatitis did not occur more frequently after procedures performed by fellows. A third possible explanation could be an underestimation of post-DBE pancreatitis in previously published studies, as is evident in the study by Zhong, which reports two patients with abdominal pain and increased serum amylases without labeling these cases as pancreatitis [24] . Especially, retrospective questionnaire based surveys might be at risk from report or inclusion bias. Differences in definitions of post-procedural complications offer a likely explanation for the difference in reported post-DBE pancreatitis. Since we conducted a review of a recorded database prospectively, using predefined definitions of pancreatitis and its severity, the chance of report or inclusion bias seems lessened.
The pathogenesis of post-DBE pancreatitis is not known. Honda et al found asymptomatic hyperamylasemia in 5 of 13 patients after antegrade DBE. One of 13 patients developed pancreatitis [25] . Several mechanisms c o u l d b e r e s p o n s i b l e f o r t h e d e v e l o p m e n t o f hyperamylasemia or pancreatitis. First, the repetitive mechanical strain on the pancreas, by inserting the endoscope/overtube, by inflated balloons or by stretching movements, could induce pancreatitis, especially by traction at the ligament of Treitz. This hypothesis is supported by the finding that in most cases in which an early CT scan was performed, pancreatitis was located in the tail or body/tail region of the pancreas. As in the study by Mensink et al, no significant association between the use of the T-endoscope and the occurrence of pancreatitis was present. This strain-hypothesis is also suggested by our finding that insertion depth (and therefore the number of advancing and stretching movements of both endoscope and overtube) seems higher in the pancreatitis group (P = 0.9, Table 2 ). A second explanation could be duodenal hypertension due to air trapping between the overtube balloon and the pylorus, which in theory could interfere with pancreatic drainage. In fact, a closed duodenal loop is an established animal model for acute pancreatitis [26] [27] [28] [29] . As far as we know, data that could prove this theory do not exist and our finding that procedure time (and therefore the time the supposed duodenal hypertension would have existed) was not different between the groups is not supportive of this theory. Impaired pancreatic drainage due to temporary obstruction of the papilla could not have resulted in pancreatitis in our series, since we inflate the balloons after Treitz's ligament has been passed. To our knowledge no cases of pancreatitis have been reported after retrograde DBE-procedures, therefore it is highly unlikely that medications used for sedation could have played an important role. We also noted that all the females that developed post-DBE pancreatitis were premenopausal. However, this series is too small to identify patient-related risk factors. It is therefore unknown whether patient characteristics associated with post-ERCP pancreatitis (like sphincter of Oddi dysfunction, young age or female gender) are also associated with the occurrence of post-DBE pancreatitis [30] . Larger, prospective multicenter studies are needed to investigate operator-dependent factors and to identify additional patient-related risk factors that could explain why some patients develop only transient hyperamylasemia and others severe pancreatitis. Such studies should include early pancreatic imaging. Anatomical and imaging studies on the effect of DBE on the position of the pancreas and proximal duodenum are necessary to investigate the validity of the pancreatic strain and the duodenal hypertension hypotheses.
Although post-DBE pancreatitis is relatively uncommon, it is the most important complication of antegrade, diagnostic DBE. It is of major importance to consider pancreatitis as a cause of post procedural abdominal pain, to avoid unnecessary surgical exploration as has been the case in one of our patients. Abdominal pain after DBE warrants additional investigation. Since hyperamylasemia is quite common after DBE and not discriminative for DBE pancreatitis, the diagnosis should be based on clinical findings and or radiological imaging techniques.
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Background
Double balloon endoscopy (DBE) was introduced by Yamamoto in 2001. This endoscopic technique allows (intervention) endoscopy of the small bowel. Post DBE pancreatitis is a well known complication after antegrade DBE.
Research frontiers
This article describes the cases of post DBE pancreatitis in the largest single center series of DBE procedures to date.
Related publications
Honda et al showed that an asymptomatic rise of serum amylase and lipase levels after antegrade DBE occurs frequently. Nevertheless, previous studies indicate that post DBE pancreatitis occurs seldom.
Innovations and breakthroughs
The pathophysiology behind the occurrence of post DBE pancreatitis largely remains unknown. Only a few reports on this subject have been published. Studies to determine the pathogenesis are currently performed in our center.
